Objective: This study describes the cause, management, and outcomes of abdominal injury in a mature deployed military trauma system, with particular focus on damage control, hollow visceral injury (HVI), and stoma utilization. Background: Damage control laparotomy (DCL) is established in military and civilian practice. However, optimal management of HVI during military DCL remains controversial. Methods: We studied abdominal trauma managed over 5 months at the Joint Force Combat Support Hospital, Camp Bastion, Afghanistan (Role 3). Data included demographics, wounding mechanism, injuries sustained, prehospital times, location of first laparotomy (Role 3 or forward), use of DCL or definitive laparotomy, subsequent surgical details, resource utilization, complications, and mortality. Results: Ninety-four of 636 trauma patients (15%) underwent laparotomy. Military injury mechanisms dominated [44 gunshot wounds (47%), 44 blast (47%), and 6 blunt trauma (6%)]. Seventy-two of 94 patients (77%) underwent DCL. Four patients were palliated. Seventy of 94 (74%) sustained HVI; 44 of 70 (63%) had colonic injury. Repair or resection with anastomosis was performed in 59 of 67 therapeutically managed HVI patients (88%). Six patients were managed with fecal diversion, and 6 patients were evacuated with discontinuous bowel. Anastomotic leaks occurred in 4 of 56 HVI patients (7%) with known outcomes. Median New Injury Severity Score for DCL patients was 29 (interquartile range: 18-41) versus 19.5 (interquartile range: 12-34) for patients undergoing definitive laparotomy (P = 0.016). Overall mortality was 15 of 94 (16%). Conclusions: Damage control is now used routinely for battlefield abdominal trauma. In a well-practiced Combat Support Hospital, this strategy is associated with low mortality and infrequent fecal diversion.
T he "aborted laparotomy" was described in 1983 as a technique to minimize operating time in patients after major civilian trauma, 1 thus averting the coagulopathic consequences of the "bloody vicious cycle." 2 Now termed "damage control" laparotomy (DCL), 3 this preceded the discovery that coagulopathy may arise early as a direct consequence of injury. 4 "Damage control resuscitation" (originally synonymous with "hemostatic resuscitation" [5] [6] [7] ) has been redefined as a care bundle of which DCL is an established component. 8, 9 Although aspects of surgical practice in the Second World War may have represented application of damage control principles, 10, 11 DCL, as currently understood, was initially considered unsuitable for military surgery due to the high associated mortality and the logistic implications of actively treating such massively wounded patients. 12 Although considered lifesaving, the evidence for DCL is limited. A recent Cochrane review failed to identify any literature more robust than case-control studies. 13 Nonetheless, it has become a common feature of deployed surgical practice.
The objective of this report was to describe the cause, initial management, and outcomes of abdominal injury managed at an established military hospital supporting counterinsurgency operations in Afghanistan. Of particular interest was the management of hollow visceral injury (HVI), specifically rates of repair, resection and reconstruction, and fecal diversion. "Role 2" facilities are those "capable of triage, resuscitation, and damage control"; "Role 3" facilities have "access to diagnostic imaging and specialist surgery"; "Role 4" provides "definitive care . . . [comprising] specialist surgical procedures, reconstruction, rehabilitation, and convalescence. This level of care is . . . normally provided in the country of origin."
The US evacuation chain places Role 4 in Germany, with "Role 5" facilities in the continental United States.
Injury severity data were assigned by trained trauma nurse coordinators and were retrieved from the UK Joint Theatre Trauma Registry. The New Injury Severity Score (NISS) 15 was used in preference to the original Injury Severity Score (ISS), 16 as NISS has been shown to outperform ISS in various populations [17] [18] [19] and is considered a better reflection of the burden of military trauma in which multiple injuries to the same body region are common. 20 Using the military version of the Abbreviated Injury Scale, 21 ,22 a significant injury was one assigned a score of 3 or more. Major trauma was defined as an NISS of 16 or more.
Operating theatre time was included for any operating session in which a laparotomy was performed. This included time for the anesthetic procedure (which was performed at the operating table) and for any nonabdominal procedures performed in the same session as the time at which abdominal activity ended was not recorded. Data on operating theatre time and ICU stay relate only to activity at Role 3, as we were unable to capture the corresponding data for patients' stay at forward facilities or after evacuation to Role 4.
In cases in which it seemed that further resuscitation would be futile, consensus was achieved by discussion among the multidisciplinary team, led by the Deployed Medical Director, before the decision to cease intervention. Palliation was provided to such patients. These patients were excluded from analysis of complications. Patients transferred during the damage control sequence were also excluded from this analysis, as data concerning complications arising after evacuation (other than mortality) were not available to the authors. Complications relating to extremity injuries were not considered.
Statistical Analysis
Data are presented as median and interquartile range (IQR), unless otherwise specified. Ratio data were not normally distributed and were therefore compared using nonparametric methods. Ordinal data were compared with the Mann-Whitney U test. Categorical data were compared with the χ 2 
RESULTS

Epidemiology and Injury Patterns
Ninety-four of 636 patients admitted because of trauma (15%) underwent laparotomy. The largest groups were Afghan Security Forces, consisting of army, national, and local police, and civilians. Demographics, mechanisms of injury, and measures of injury burden are shown in Table 1 . The majority of injuries (94%) were caused by military wounding mechanisms.
Injury Burden
Injuries to intra-abdominal organs are shown in Table 2 . Seventy-four of 94 patients (79%) had sustained extra-abdominal injuries, with the lower limbs most commonly involved (Fig. 1) . Injury severity data were available for 88 of 94 patients (94%). Median NISS was 27 (IQR: 17-41). Fifty-nine of 88 patients (67%) had significant extra-abdominal injuries, and 16 of 88 patients (18%) had significant injuries in 2 or more extra-abdominal body regions (Table 1) .
Retrieval and Initial Management of Casualties
Seventy-five of 94 patients (80%) were admitted directly to Role 3; time of injury was known for 53 of 75 patients (71%). Among these patients, median prehospital time was 54 minutes (IQR: 40-95 minutes). The initial management of casualties is summarized in Table 3 . Sixty-five of 94 patients (69%) underwent CT scanning before laparotomy. The median time from arrival to theatre for patients managed without an admission CT scan was 14 minutes (IQR: 10-23 minutes) versus 55 minutes (IQR: 42-70 minutes) for those who underwent a CT scan (P < 0.001). 
Initial Surgical Management
Seventy-two of 94 patients (77%) underwent DCL. Eighteen of 19 patients (95%) admitted to Role 2 underwent DCL compared with 54 of 75 patients (72%) admitted directly to Role 3 (P = 0.038). All patients managed by DCL at Role 2 underwent a further laparotomy on arrival at Role 3. Fifteen of 18 patients (83%) underwent a second DCL at this time. In 3 of 18 cases (17%), intestinal continuity was restored on arrival at Role 3. Patients managed initially by DL and DCL are compared in Table 4 . Compared with DL patients, the 72 patients managed with DCL were more severely injured and had a higher prevalence of significant abdominal injury, although the proportion defined as having sustained major trauma was not different. DCL patients had shorter intervals between arrival at Role 3 and transfer to the operating room and were less likely to undergo a CT scan before surgery. The damage control maneuvers used in the 69 DCL patients at Role 3 are shown in Table 5 .
Eighty-four of 94 patients (89%) underwent a therapeutic laparotomy on arrival at Role 3. Four patients were palliated. Three patients had undergone DCL at Role 2 and required no immediate intervention at laparotomy on arrival at Role 3. Two of 3 patients received additional interventions during the next laparotomy, at which time all 3 achieved closure. Three of 94 patients (3%) admitted directly to Role 3 underwent nontherapeutic laparotomies and achieved closure at the index operation. Medial visceral rotation was performed in 2 of these to exclude visceral injury. The third had a retroperitoneal hematoma, thought to be due to a retroperitoneal bladder rupture (which was managed conservatively), but had no active intraperitoneal bleeding.
Resource Utilization
Consistent with the greater injury burden, transfusion requirements were significantly higher among patients who were managed with DCL than among those managed with DL (Table 4 ). There were no differences in blood product requirement between patients managed by DCL at Role 2 and Role 3 (data not shown). One DCL patient received 129 units or pools of blood products. DCL patients underwent a median of 2 laparotomies (range: 1-7), requiring a total of 453 hours of theatre time at Role 3 with a median of 4.88 hours (IQR: 3.37-7.75 hours). Many DCL patients were extubated at the end of their index procedure if physiologically suitable; the frequency of this practice was not recorded. Seventy-four of 94 patients (79%) were admitted to the ICU postoperatively; in 4 cases, this was for palliative care. For patients managed with therapeutic intent, median ICU and hospital stays at Role 3 were 2.2 days (range: 4. 
Laparostomy Management
All open abdomens were managed with topical negative pressure dressings. Of the 60 DCL patients who remained in Role 3 for definitive care, 5 of 60 patients (8%) died before fascial closure. Delayed primary closure of fascia was performed in 47 of 60 patients (78%). Component separation was used to achieve fascial approximation in 3 of 60 patients (5%). A polyglactin mesh, which was allowed to granulate before split skin grafting, was placed in 2 of 60 patients (5%). Median time to fascial closure was 2 days (IQR: 1-2 days). In 3 of 60 patients (5%), the time and method of closure were not recorded. After delayed primary closure, 1 patient underwent a further laparotomy for anastomotic leak but was reclosed primarily. Four of 47 patients (9%) suffered full-thickness abdominal wound dehiscence. These were initially managed with topical negative pressure dressings. Fascial closure was achieved in 3 of 4 patients (75%) by insertion of a polyglactin mesh, and 1 was reclosed primarily.
Mortality
Mortality data are based on the last known status of patients. Casualty tracking processes provide robust data for ISAF personnel. Local nationals remained at Role 3 until ready for discharge home or to local facilities able to meet their current surgical, wound care, and nutritional needs. Overall known mortality was 15 of 94 (16%). Four of 15 patients (27%) were palliated at the primary laparotomy; 4 others (27%) died within 24 hours of admission. Of 8 patients transferred during the damage control sequence, 4 are known to have survived and 2 died. Two patients were transferred out of our casualty reporting chain, and their outcomes are unknown.
Management of Bowel Injury
Seventy of 94 patients (75%) sustained HVI. Its location and management are shown in Table 6 . Three patients were palliated; primary or delayed repair or resection with anastomosis was performed in 59 of 67 patients (88%) managed with therapeutic intent. Six patients were managed with fecal diversion (1 also received a primary Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. repair and 1 received an anastomosis), and 6 patients were evacuated with discontinuous bowel (3 of whom had sutured repairs to additional non-destructive injuries). Thirty-eight small bowel anastomoses were created in 32 patients at Role 3. Fourteen ileocolic and 17 colocolic or colorectal anastomoses were created. Forty-four of 67 patients (66%) received 1 or more anastomoses (range: 1-5).
Six of 94 patients (6%) sustained rectal injuries. Fecal flow was interrupted at index laparotomy in all patients. One was transferred with discontinuous bowel, 5 of 6 were managed with defunctioning colostomy. Stomas were formed and the abdomen closed at the initial procedure in 3 of 5 cases. In the remaining 2 cases, colostomies were formed at subsequent procedures. In 2 of 3 patients, further procedures were required for wound dehiscence and for drainage of ischiorectal fossa and buttock sepsis (1 case each).
Complications
Complications were recorded for the 82 patients who remained at Role 3 for definitive management (Table 7) . Of 56 such patients with an intestinal suture line or anastomosis, leakage occurred in 4 patients (7%). All leaks were from small bowel to small bowel anastomoses. Two of 4 patients with leaking anastomoses died (NISS = 52 and 75). One survivor developed multiple pelvic abscesses and an enterocutaneous fistula. The other patient had leakage from the proximal jejunum; this patient was managed by resection and refashioning of the anastomosis, laparostomy, and a further lavage before reclosure of the abdomen. One patient underwent a DL with the Hartmann procedure at Role 2 and was transferred to Role 3 for intensive care. This patient subsequently required multiple relaparotomies for wound dehiscence and colocutaneous separation with intra-abdominal retraction of the colostomy. One ISAF casualty, who had sustained thoracoabdominal injury and had undergone ileocolic resection, suffered an unexpected cardiac arrest in the ICU because of tension pneumothorax and underwent an emergency thoracotomy and nonanatomic lung resection. This patient was successfully repatriated to his home nation with discontinuous bowel but died from Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. (10) 0/38 (0) * All stomas formed at index procedure were for rectal injury. †Three patients received both ileocolic and enteroenteric anastomoses. ‡One patient had both a stoma and an enteroenteric anastomosis created at interval laparotomy. §This ileostomy was performed after small bowel resection and was closed by ileocolic anastomosis before discharge. 
DISCUSSION
Since the Vietnam War, abdominal injuries have accounted for 5% to 14% of injuries managed in military and independent humanitarian hospitals during time of conflict. 23, 24 Traditionally, abdominal injury was managed definitively at the first procedure. Civilian experience with damage control in the 1990s prompted military surgeons to consider its potential for the management of battlefield trauma. 11, 12, 25 However, during the Gulf War of 1990-1991, no British or US surgeon performed a DCL. 26 The first recorded military DCL was in 1993 during the "Black Hawk Down" incident in Mogadishu, Somalia, when 2 patients underwent DCL to address major vascular, colonic, and additional abdominopelvic injuries; neither survived. 27 At the extremes of survivable injury, DCL casualties may consume vast quantities of resources (illustrated by the blood product requirements of patients managed by DCL in this series and previously 28 ), which may be scarce in the deployed environment. Indeed, the International Committee of the Red Cross continues to caution that the "usefulness of damage control surgery when faced with mass casualties in a resource-poor setting is debatable." 29 At the beginning of this century, despite articles in military medical journals advocating damage control principles, 25 such concerns lead some US military surgeons to conclude that DCL would "be impractical for common use in a forward military unit during times of war." 12 However, others felt that DCL was already integrated in forward resuscitative surgery doctrine and argued that DCL in such situations should be understood as application of the concept of "minimum acceptable care." 11 A similar position was adopted by Australian Defence Forces, which, in 2004, stated that "damage control is uniquely suited to the . . . military environment." 30 In the same year, DCL was formally incorporated into both British 31 and US 32 military surgical doctrine. In contrast to civilian DCS, in which all aspects of DCS will typically occur in one facility, military DCS may be complex, potentially involving treatment by clinicians from more than 1 nation and delivered at several levels of care in multiple facilities dispersed across 3 or more continents and during transport between these facilities. 33 Consequently, proponents of military DCL stressed the importance of rapid casualty evacuation by assets providing ICU-level in-transit care-a capability currently exemplified at Camp Bastion by the RAF Critical Care Air Support Teams 34 and the US Critical Care Air Transport Teams. 35 Although it has been suggested that limiting surgery to "lifesaving procedures only" during the Normandy landings constituted an application of damage control principles, 11 the earliest reports of successful contemporary military DCL came in quick succession from Iraq and Afghanistan, from forward surgical teams applying DCL in the very conditions for which some colleagues had previously deemed it inappropriate. [36] [37] [38] Subsequent series suggest an increasing prevalence of DCL in the management of battlefield abdominal trauma, from 22% in early reports 37 
Abdominal Closure
We report a higher proportion of abdominal closure than previously noted after battlefield injury (49%). 41 This is likely due to non-ISAF personnel remaining in our facility until able to be discharged to the host nation health care system (in practice, after completion of all surgery) whereas the previous authors excluded abdominal closure achieved after 7 days or return to the United States. Of patients undergoing delayed primary closure of the abdomen, there was a relatively high rate of abdominal dehiscence (9%); this requires further study.
Management of Battlefield Colorectal Injury
The safety of primary repair of nondestructive colonic injury in physiologically stable civilian patients with minimal fecal contamination was established by randomized trial in 1979. 42 This was the first evidence-based challenge to the doctrine of mandatory proximal diversion of colonic wounds that arose from (arguably misunderstood 43 ) experience in the Second World War. [44] [45] [46] Subsequently, meta-analysis of 705 patients from randomized trials has established that repair or resection with anastomosis as part of a definitive initial procedure has similar mortality to diversion with fewer infectious or wound complications despite more extensive injuries in those undergoing repair or anastomosis. 47 Nevertheless, a prospective observational study of 297 patients identified severe fecal contamination or transfusion of 4 or more units of blood as risk factors for abdominal complications after colonic injury requiring resection, irrespective of repair or diversion. 48 Patients with combat-related injury often have factors that would place them at a high risk, and recent studies have reported stoma formation in more than half of battlefield casualties with colonic injury. 28, 40 Delaying intestinal repair or anastomosis as part of a damage control sequence of operations is an appealing concept. An early report of delayed colonic anastomoses was that of 11 civilian patients who suffered similar complications as that of 21 patients with primary anastomoses despite a greater injury burden in the damage control group (mean ISS = 29 vs 17). 49 Although all-cause mortality was higher (45% vs 0%), no anastomotic failures occurred in the DCL group.
In a report from Colombia, 27 of 60 civilian patients with destructive colonic injuries (57 of whom were injured by gunshot) were managed by DCL. 50 Twenty-four of 27 patients were subsequently managed by anastomosis, of whom 2 had leakage and 1 died. Complications were compared between damage control with delayed anastomosis and definitive primary laparotomy but not between anastomosis and diversion in patients of the damage control group. Intra-abdominal abscesses treated by relaparotomy were identified in 31 of 60 patients-a far higher incidence than our patients or in a study of 133 military patients with battlefield colonic injury. 40 Within the British military, a damage control operation is considered to be a procedure that "sacrifices the completeness of the immediate surgical repair in order to address the physiological consequences of the combined trauma (double hit) of injury and surgery," 51 whereas the US military definition is "the rapid initial control of hemorrhage and contamination, temporary closure, resuscitation to normal physiology in the ICU, and subsequent re-exploration and definitive repair." 32 However, this is not universally applied. For example, 30 of 133 US casualties (23%) evacuated to Germany with colon injuries were reported as having undergone damage control surgery, defined as colon stapled in discontinuity. However, 60 (45%) arrived with laparostomies. 40 Accordingly, we would consider all 60 patients to have undergone DCL. Sixteen of these patients had stomas fashioned before evacuation, and 16 had undergone primary repair or anastomosis. Twenty patients had undergone anastomosis at the index procedure; however, 62% of patients with colon injury underwent fecal diversion, including 22 of 30 patients evacuated with discontinuous colon. A median of 2 laparotomies had been performed before evacuation, indicating widespread use of damage control. It is therefore possible that some patients categorized as "primary anastomosis" had undergone initial damage control and subsequent anastomosis before evacuation from theatre. Consequently, the true prevalence of damage control surgery in that cohort cannot be determined. Although British and US definitions of DCS are broadly Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. similar, we suggest that any consensus definition should reflect the current practice of simultaneous initial surgery and resuscitation, with further (definitive) surgery being deferred to a subsequent laparotomy.
Previous reports concerning recent military surgical results describe 21 anastomotic or suture line failures in 154 patients managed primarily (14% failure) compared with 5 leaks from 32 anastomoses (16%) created after DCL. 40, [52] [53] [54] Although these numbers are too small for statistical analysis, the reported leak rate from colonic injury managed by DCL and delayed anastomosis has decreased stepwise from 17% (4/24) 53 and 10% (1/10) 54 to 0% (0/8) 40 and 0% (0/25) in the present series. With stoma formation rates of between 33% 53 and 62%, 40 this pattern might be said to illustrate improving case selection across the previous reports. Unfortunately, the largest study of colorectal injury during recent deployments reported neither the prevalence of DCS nor the anastomotic leak rate. 55 Mortality was higher among patients managed without fecal diversion (11% vs 4%) despite a higher injury burden in patients managed with fecal diversion. Injury severity was markedly higher among those who died (ISS = 34 vs 21), and the authors acknowledge the possibility that their results may be affected by survivor bias, in that the patients of the nondiverted group may include those who underwent initial damage control but did not survive to definitive management. Our results suggest that in the era of damage control resuscitation, colonic reanastomosis can safely be undertaken in selected patients at the second laparotomy; in essence, creating a semielective environment for restoration of intestinal continuity, with fecal diversion reserved for rectal injury or patients with ongoing hemodynamic compromise or massive injury burden.
In a recent study of a cohort of 925 civilian trauma patients with injury burdens comparable with our study, 56 30% were managed by DCL. This was considered excessive by its authors, as 20% of their patients managed by DCL had none of the "classical" indications [T <95
• F, pH <7.3, or INR (international normalized ratio) >1.5] for damage control on arrival in the ICU. However, patients managed by DCL had a higher ISS and greater physiological compromise, suggesting that surgeons recognized overall injury burden and physiological status and instituted DCL before the manifestation of the lethal triad. Such early recognition of the need for DCL is promoted in military trauma surgery, 57 and, although aggressive intraoperative damage control resuscitation may normalize physiology, 58 it is not known whether reversion from DCL to definitive surgery during the primary procedure is safe. Our study does not attempt to examine surgical decision making and did not capture admission physiology. It is possible that DCL was unnecessary in some of our patients. However, not only do we believe that a degree of intraoperative overtriage reflects safe decision making, but operational circumstances (such as multiple casualty situations) may also influence the required surgical approach.
Recent guidelines on the management of combat-related injuries recommend "strongly" that "early primary repair of complex or destructive colonic injuries should not be performed." 59 However, the time frame "early" was not defined. We agree that immediate anastomosis is usually inappropriate. Nonetheless, our data suggest that colonic injuries initially managed by DCS can be successfully managed by anastomosis later in the damage control sequence.
Cultural Significance of Stoma Avoidance
The majority of non-ISAF patients treated at the Camp Bastion Role 3 hospital are Muslim. In addition to the basic difficulties of accessing hygiene and stoma appliances, coping with a stoma in Afghanistan can be particularly challenging due to the impact of a stoma on the faith-based aspects of Islamic life. [60] [61] [62] When treating host nation patients, coalition surgeons should be mindful of this context. Strada and colleagues 63 have reported a cohort of 73 consecutive Afghan patients with colonic injury treated with a "zero-colostomy" policy. Only 4 of their patients (5.5%) died and 15% had complications. Our study adds to the evidence that ostomy may be safely avoided after colonic injury in this context.
Mortality
Many studies examining DCL exclude patients who died within 24 to 72 hours as having sustained unsurvivable injuries 41, 48, 50, [64] [65] [66] [67] [68] or report only on coalition personnel who have survived to reach Role 4 or 5.
28,39-41,52,54 Eight of 15 deaths in our study occurred within 24 hours. Mortality among patients surviving more than 24 hours from arrival was 7 of 86 (8%).
Strengths and Weaknesses
In common with other articles arising from contemporary military operations, this study is limited to description of surgical activity and short-term outcomes. Trauma scoring systems correct for only some of the variability between patients. Similarly, individual variability between surgeons cannot be quantified, although collective predeployment training and collegial working will reduce this to some degree. Our data were collected over a shorter time than other comparable studies. This will minimize any confounding from changes in operational areas, deployment of Role 2 facilities, prehospital transport distances, and resuscitation practices. Whereas previous studies have concentrated on ISAF personnel, the largest group in our study was local nationals-a factor likely to pertain in future conflicts.
We could not report mortality by the conventional 30-day measure, as most patients were transferred out of our reporting system within that time. However, patients were only transferred when it was clinically appropriate and their needs could be met at the receiving facility. As with a previous study using this approach, 69 we would not expect a significant unknown mortality rate. Similarly, the median stay after anastomosis was appropriate for a leak to present and we therefore believe our data to be robust in this regard. We lack data on the further management and complications arising in ISAF personnel transferred during the damage control sequence, but as these were evacuated to higher levels of care, it is unlikely that their clinical course would have been worse than for patients described here.
Ultimately, the widespread acceptance of DCS in both civilian and military settings suggests that a randomized controlled study is unlikely to be ethical or achievable. This study reports perceived "best practice" after a decade's evolution of a military trauma system that has shown year-on-year improvement in survival.
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CONCLUSIONS
We report the first prospective observational study of abdominal injury management during modern conflict in a mature deployed trauma system centered on a purpose-built, multinational hospital, supported by robust logistics. The trauma system deployed in Helmand Province allows attending-delivered resuscitation to begin in the prehospital environment and continue through the emergency department, the damage control operation, and into the ICU. The damage control approach to military abdominal trauma is safe and allows restoration of intestinal continuity for injuries proximal to the rectum. Logistical planning for future military operations should consider damage control as the optimal approach to abdominal war injury.
